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(54) Inverter circuits 

(57) An inverter circuit charges a capacitive load (4) 
incrementally by repetitive fly-back in an inductor (8) 
connected in series with an FET (9) across DC input ter- 
minals (2.3). A transistor (14) ? turned ON in response to 
current build-up in the inductor (8) during each charging 
cycle, switches FET (9) OFF to initiate fly-back, and 
feedback from the fly-back acts via a resistor ( 1 6) to hold 
transistor (1 4) ON and FET (9) OFF through to the cycle 
end. Adding resistors (21 ,22) in series with the load (4) 



across the input terminals (2,3) : derives a voltage which, 
like that via the feedback resistor (16), is dependent on 
the input voltage. The derived voltage acts via a zener 
diode (23) to counteract the feedback, holding transistor 
(14) OFF and interrupting further charging until the load 
(4) is discharged into a xenon flash-tube (5). By making 
the values of resistors (16 and 21) equal, the load (4) 
charges to a voltage independent of input-voltage vari- 
ation; with them unequal, a deliberate variation of output 
voltage with input can be obtained. 
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Description 

[0001] This invention relates to inverter circuits. 
[0002] I nverter circuits for converting DC input voltage 
to higher-voltage output to charge a capacitive load, are 
known and find application, for example, in the powering 
of xenon flash-discharge tubes. Xenon flash-discharge 
tubes are used to produce repetitive short- duration 
flashes of light for beacon purposes in giving a visual 
signal or warning, and in this respect may be used in 
burglar- and fire-alarm systems and on police, ambu- 
lance, fire-service and other vehicles. 
[0003] In many applications and potential applications 
of xenon tubes in this way ; the voltage of the available 
DC power supply may have any of a number of nominal 
values, and in any particular case may be liable to vary 
significantly from that nominal value. For example, the 
beacon may be for use on a vehicle having a 12-vott, 
24-volt or other battery, and the battery-voltage may 
vary significantly from the nominal value according to 
the state of charge of the battery and whether the vehi- 
cle's engine is running. It is not in general simple to pro- 
vide for satisfactory operation of xenon tubes in these 
circumstances using known inverter circuits, since the 
output of the inverter circuit is too dependent on the pow- 
er-supply voltage. Moreover, the majority of xenon tubes 
operate satisfactorily only within a narrow range of ap- 
plied voltage. 

[0004] It is one of the objects of the present invention 
to provide a form of inverter circuit that may be used in 
the above circumstances to power a xenon tube satis- 
factorily throughout a wide range of DC supply voltages 
[0005] According to the present invention there is pro- 
vided an inverter circuit for charging a capacitive load, 
in which switching means is connected in series with in- 
ductance across DC-input terminals of the circuit to 
switch cyclically from an ON state to an OFF state for 
charging the capacitive load incrementally from fly-back 
in the inductance, the switching means being held in its 
OFF state during each cycle of operation by feedback 
of the fly-back voltage, wherein the circuit includes 
means for deriving a voltage that is dependent on the 
voltage across the capacitive load and for applying the 
derived voltage to counteract the feedback such as 
thereby to interrupt the cyclic operation of the circuit. 
[0006] Switching of the switching means between its 
ON and OFF states may be regulated by a transistor 
device such that the switching means has its ON state 
while the transistor device is OFF and its OFF state 
while the transistor device is ON. The transistor device 
may be turned ON so as to initiate the fly-back of the 
cycle, in response to build up of current in the induct- 
ance, and it may be maintained ON during the fly-back 
by the feedback. In these circumstances, the derived 
voltage dependent upon the voltage across the capac- 
itive load, may be applied to the transistor device to 
counteract the feedback by holding the transistor device 
OFF during the fly-back. 



[0007] The voltage to which the capacitive load is 
charged may be limited by the counteracting effect of 
the derived voltage to a level that is substantially inde- 
pendent of the voltage of the DC-supply connected to 

5 the input terminals. This can be achieved with the invert- 
er circuit of the invention simply by choice of the relative 
values of two resistors, one in the feedback path and 
the other used for derivation of the voltage used in coun- 
teraction of the feedback. Moreover, by adjustment of 

io the relative values of these resistors, it is possible even 
to achieve limitation of the voltage to which the capaci- 
tive load is charged, to a level that is lower the higher 
the voltage of the DC-supply connected to the input ter- 
minals. 

15 [0008] A xenon flashing-beacon unit incorporating an 
inverter circuit according to the present invention, will 
now be described, by way of example, with reference to 
the accompanying drawings, in which: 

20 Figure 1 shows a xenon flashing-beacon unit in- 

cluding a basic form of inverter circuit; and 

Figure 2 shows the xenon flashing-beacon unit of 
Figure 1 modified to incorporate an inverter circuit 
25 according to the present invention. 

[0009] Referring to Figure 1 , the xenon flashing-bea- 
con unit includes an inverter circuit 1 that is powered by 
an external DC-supply source (not shown) connected to 

30 'positive 1 and 'negative' input terminals 2 and 3, for 
charging a capacitor 4 to a higher voltage incrementally. 
The voltage across the capacitor 4 is applied between 
the anode and cathode of a xenon tube 5 of the unit, 
and a trigger-pulse generator 6 within the unit supplies 

35 a high-voltage pulse at regular intervals between the 
trigger-electrode and cathode of the tube 5. The trigger- 
pulse initiates discharge within the tube 5 of the accu- 
mulated charge of the capacitor 4, and the process of 
charging the capacitor 4 incrementally during succes- 

40 sive cycles of operation of the inverter circuit 1 , and then 
discharging it through the tube 5, recurs to cause the 
emission of a regular succession of bright flashes of light 
from the tube 5. 

[0010] The capacitor 4 is charged via a diode 7 from 
^5 fly-back voltage that occurs across an inductor 8 during 
each cycle of operation of the inverter circuit 1 . Each 
cycle is initiated by supply of current to the inductor 8 
from the DC-supply source via a field-effect transistor 9 
and resistor 1 0 in series. The gate of the transistor 9 is 
50 connected to the junction of a resistor 11 and zener di- 
ode 12 that are connected across the terminals 2 and 3 
to bias the transistor 9 ON. As current builds up in the 
inductor 8 through the transistor 9, the rise in voltage 
across the resistor 1 0 brings both a diode 1 3 connected 
55 to the base of a bi-polar transistor 14, and the transistor 
14 itself, into conduction. 

[001 1 ] The collector of the transistor 1 4 is connected 
to the gate of the transistor 9 at the junction of the re- 
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sistor 11 and diode 12 so that conduction of the transis- 
tor 14 turns the transistor 9 OFF. The consequent fly- 
back voltage across the inductor 8 causes the diode 7 
to conduct in transferring energy built up in the inductor 

8 to increment charge of the capacitor 4. During the 
transfer, the transistor 14 is held ON, and the transistor 

9 consequently OFF, by current derived from the fly- 
back voltage supplied as feedback to the base of the 
transistor 1 4 via a capacitor 1 5 and resistor 1 6 in series. 
Once transfer has been completed the transistor 14 
turns OFF and the transistor 9 conducts again to initiate 
a new cycle of operation of the inverter circuit 1 . 
[0012] The inverter circuit 1 is of simple and economic 
form and operates effectively, but has the disadvantage 
that the charge accumulated on the capacitor 4 in the 
intervals between its discharge into the xenon tube 5 is 
dependent on the voltage V s applied across the termi- 
nals 2 and 3. The majority of xenon tubes operate sat- 
isfactorily only within a harrow range of applied voltage, 
but in many applications of such tubes the nominal volt- 
age of the available power-supply source is not within 
this range and there may in any case be substantial var- 
iation from the nominal value during use. 

[0013] In accordance with the present invention the 
disadvantage of supply-voltage dependence is over- 
come with very simple modification of the circuit of Fig- 
ure 1 . This modification will now be described with ref- 
erence to Figure 2 in which components common to Fig- 
ure 1 have the same references as used in Figure 1 . 
[0014] Referring to Figure 2. the modification involves 
simply the addition of resistors 21 and 22 connected in 
series between the negative terminal 3 and the junction 
of the diode 7 with the capacitor 4, together with a zener 
diode 23 connected between the junction of the two re- 
sistors 21 and 22 and the base of the transistor 14. The 
consequence of the modification is that the transistor 1 4 
is held OFF, so as thereby to interrupt cyclic operation 
of the inverter circuit 1 , and therefore further incremental 
charging of the capacitor 4, once a limiting voltage level 
across the capacitor 4 has been reached. This limiting 
voltage level, which is dependent on the values of the 
resistors 21 and 22 and the characteristics of the diode 
23, is independent of the supply voltage V s applied 
across the terminals 2 and 3. 

[0015] The voltage applied across the resistors 21 
and 22, since they are connected in series with the ca- 
pacitor 4 across the terminals 2 and 3, is the sum of the 
supply voltage V s and the voltage across the capacitor 
4 due to its charge. Accordingly, as charging of the ca- 
pacitor 4 proceeds during successive cycles of the in- 
verter circuit 1, current flow in the resistors 21 and 22 
increases and eventually reaches a magnitude suffi- 
cient to act via the diode 23 to hold the transistor 1 4 OFF 
during fry-back of the inductor 8. This condition exists 
when the voltage across the capacitor 4 has attained a 
limiting level that is independent of the supply voltage 
V s , provided that resistors 21 and 16 are of the same 
value as one another. 



[0016] The current flowing in the resistor 16 on fly- 
back is dependent on the supply voltage V s , so by giving 
the resistor 21 the same value as that of the resistor 1 6 . 
a condition is reached in which the feedback voltage 
5 across the resistor 16 is counteracted by the voltage 
across the resistor 21 to hold the transistor 1 4 OFF. This 
occurs when: 



10 



V 0 .R 22 /(R 21 < R 22 )>V 2 



where V 0 is the output voltage, R 21 and R^ are the val- 
ues of resistors 21 and 22 and V z is the zener voltage 
of diode 23. 

15 [0017] The above condition prevails so as to interrupt 
the cyclic operation of the inverter circuit 1 , and there- 
fore further incremental charging of the capacitor 4 be- 
yond a limiting level, until the capacitor 4 is next dis- 
charged into the xenon tube 5. Cyclic operation of the 

20 inverter circuit 1 is then resumed to re-charge the ca- 
pacitor 4 incrementally until the limiting voltage level is 
reached, whereupon operation of the circuit 1 is inter- 
rupted again until there has been discharge of the ca- 
pacitor 4 into the tube 5. 

25 [0018] Variation of output voltage with input voltage 
can be deliberately introduced by adjusting the ratio of 
the values of resistors 21 and 16. For example^if the 
resistance of resistor 16 is increased above the resist- 
ance of resistor 21 then the output voltage will fall with 

30 increasing input voltage. This adjustment can be used 
to control the flash rate at higher input voltages in cases 
where the trigger circuit rate is voltage dependent. 



35 Claims 

1 . An inverter circuit for charging a capacitive load, in 
which switching means is connected in series with 
inductance across DC-input terminals of the circuit 

40 to switch cyclically from an ON state to an OFF state 
for charging the capacitive load incrementally from 
fly-back in the inductance, the switching means be- 
ing held in its OFF state during each cycle of oper- 
ation by feedback of the fly-back voltage, wherein 

45 the circuit includes means for deriving a voltage that 
is dependent on the voltage across the capacitive 
load and for applying the derived voltage lo coun- 
teract the feedback such as thereby to interrupt the 
cyclic operation of the circuit. 

50 

2. An inverter circuit according to Claim 1 wherein 
switching of the switching moans between its ON 
and OFF states is regulated by a transistor device 
such the switching means has its ON state while the 

55 transistor device is OFF and its OFF state while the 
transistor device is ON, and wherein the transistor 
device is turned ON so as to initiate the fly-back of 
the cycle, in response to build up of current in the 
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inductance. 



3. An inverter circuit according to Claim 2 wherein re- 
sistance is connected in series with the switching 
means and the inductance, and the voltage from the 5 
resistance is applied to the transistor device via a 
diode to turn the transistor device ON for initiating 
fly-back. 

4. An inverter circuit according to Claim 2 or Claim 3 10 
wherein said feedback is applied to the transistor 
device for maintaining it ON during the fly-back of 
said cycle, and wherein said derived voltage is ap- 
plied to the transistor device to counteract the feed- 
back by holding the transistor device OFF during 15 
the fly-back. 



5. An inverter circuit according to any one of Claims 1 
to 4 wherein the switching means is a field-effect 
transistor with its channel connected in series with 20 
the inductance. 

6. An inverter circuit according to any one of Claims 1 
to 5 wherein said means comprises resistance for 
connection in series with the capacitive load across 25 
the DC-input terminals, and a zener diode connect- 
ed between a part of this resistance and the tran- 
sistor device, the zener diode responding to the 
condition in which voltage in the resistance-part ex- 
ceeds a threshold dependent on its zener voltage, 30 
to hold the transistor device OFF. 

7. An inverter circuit according to Claim 6 wherein the 
application of feedback to the transistor device is 

via resistance of substantially equal value to that of 35 
said resistance-part. 

8. An inverter circuit according to any one of Claims 1 
to 7 connected to a capacitive load for recurrent re- 
charging of the load, wherein the voltage to which *o 
the capacitive load is charged is limited by the coun- 
teracting effect of said derived voltage to a level 
substantially independent of the voltage of the DC- 
supply connected to the input terminals. 

45 

9. An inverter circuit according to any one of Claims 1 
to 6 connected to a capacitive load for recurrent re- 
charging of the load, wherein the voltage to which 
the capacitive load is charged is limited by the coun- 
teracting effect of said derived voltage to a level that so 
is lowerthe higher the voltage of the DC-supply con- 
nected to the input terminals. 



10. An inverter circuit according to Claim 8 or Claim 9 

wherein a trigger circuit is operative to discharge the 55 
capacitive load recurrently into a xenon discharge 
tube. 
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